The light-induced cyclisation of czs-stilbene yielding, in presence of an oxidizing agent, phenanthrene has been widely studied and discussed in the last few years. Although the mechanistic aspects of the ring closure are not clear the synthetic potential of this reaction has drawn the attention of organic chemists since its extension to heterocyclic and substituted stilbene analogs should lead to condensed ring systems not easily synthetized by classical methods. Recently a number of new furan and thiophene analogs of phenanthrene were prepared by means of this photocyclodehydrogenation reaction and some of their physical properties determined 1 .
In general the cyclisation and dehydrogenation of 1,2-difurylethenes, 1,2-dithienylethenes and l-furyl-2-thienylethenes would produce six different benzodifurans, six benzodithiophenes and nine thienobenzofurans, respectively. However, excluding those compounds having the heteroatom in /?-position to the benzene ring, which from chemical arguments are not expected to be products of such cyclisation three different benzodifurans, three benzodithiophenes and four thieno-benzofurans might be prepared. These are benzo(l,2-b: 3,4-b')-difuran (1) and -dithiophene (2), benzo(l,2-b: 4,3-b')-difuran (3) and -dithiophene (4), benzo (2,1-b: 3,4-b')-difuran (5) and -dithiophene (6), thieno (3,2-e) benzofuran (7), thieno (2,3-e) benzofuran (8), thieno (3,2-g) benzofuran (9) and thieno (2,3-g) benzofuran (10). The problem of their stability and facility of preparation was discussed in a previous paper based on molecular orbital calculations 2 .
Compounds 2, 3, 4, 6 and 7 have already been obtained 3 and their absorption spectra were shown to be of considerable interest. It was stated that the spectra of 2 and phenanthrene resemble each other in the shape and nature of fine structure, that the spectrum of 7 bears resemblance to that of benzothiophene (12) and that neither phenanthrene, benzofuran (11), nor 12 serve as models for 3 or 4. These statements have neither theoretical nor deeper experimental foundation except the feeling that the introduction of a heteroatom should not essentially change the spectral behaviour of a jr-electron ring system. Thus several factors remain to be explained and we thought it worthwile to start a theoretical study of these spectra applying the LCAO-MO-SCF -CI method 4 to compounds 1 -12. This method is so far one of the best for the calculation and prediction of absorption spectra of jr-electron systems. Especially we were interested to which extent the spectra of 1 -10 could be related to the spectrum of phenanthrene and the possibility of a fortuitous resemblance to it. For this reason we also calculated the spectrum of phenanthrene.
Calculations
As mentioned before, we applied the LCAO -MO -SCF formalism within the framework of the Pariser-Parr and Pople (PPP) approximation. Several authors have shown that extension of the PPP method to oxygen and especially sulphur heterocycles is rather difficult since lack of data makes the parameter choice in some way arbitrary. However, a number of successful correlations between PPP calculation results and experimental data for oxygen and sulphur heterocycles made the application of this method a standard and reliable tool for the study of molecular properties. At this place we wish to point out the thorough work of BLOOR et al. 5 who already calculated compounds 11 and 12 and whose parameters we used, with slight changes, in our calculations (Table I) singlet ^-electron energy levels by the standard configuration interaction procedure including all singly excited configurations. The reported oscillator strengths for all transitions were evaluated from /mn = 0.0875 {Em -En) | Mmn | 2 and the usual method was employed to obtain transition moments 7 .
Results and Discussion
The calculated electronic transitions for the studied molecules are given together with their absorption spectrum (if it was known) in Figs. 1 -13. The lengths of the lines representing the calculated spectrum correspond to calculated oscillator strengths. The orientation respective to the orthogonal coordinate system in the calculation is indicated only for phenanthrene in Fig. 1 but is the same for all molecules.
Before starting a discussion of the theoretical and experimental results on benzodifurans, benzodithiophenes and thienobenzofurans we shall consider the spectrum of phenanthrene. Using the nomenclature proposed by PLATT 8 it consists of following absorption bands (in order of ascending energy):
, l La, *BB , l Ba, x Ch and X CA . The sequence of these bands has been established by theoretical and experimental results 9 since 1 La and 1 Ba are polarised in the long axis (x) whereas *Lb and 1 Bb are polarised along the short axis (y) of the molecule. In phenanthrene the maxima of the absorption bands are at ^r 28960 cm -1 ; ^r 34200 cm" 1 ; 39830cm-1 ; 40970cm-1 ; 45350 and 47300 cm -1 . The structured x Lb band is of very low intensity (e<250) and is therefore not shown in Fig. 1 . The *Ba and *Bb bands are close together and are responsible for the most intensive absorption of phenanthrene. The coincidence of these band is also the reason why phenanthrene exhibits a four-instead in five-band spectrum bellow 50,000 cm -1 . In a previous comparative study of phenanthrene and phenanthroline absorption spectra 10 it was shown that the effect of incorporation of two nitrogens on the phenanthrene spectrum could be described as follows: a) the l Lb and 1 La bands practically do not change their position, the intensity of the former being strongly dependent on the position of the heteroatoms and b) the shorter wavelength bands show great differences to those of phenanthrene, the 1 Bb and 1 Ba as well as the *Cb and J Ca bands interchange their position and as a rule the most intensive transition is at a shorter wavelength than in phenanthrene. Here should be mentioned that in the case of phenanthrolines, benzodifurans and benzodithiophenes this nomenclature and direct comparison holds only for those which belong to the same symmetry group as phenanthrene (C2V). In the present case these are compounds 3, 4, 5 and 6. In Table II 
